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FAILURE MODES EFFECTS M?SIE {FMEA) - CRITICAL HARDWARE
NUMBER: M3-1MR-EMOTO-X

SUBSYSTEM NAME: MECHANICAL - EDS

REVISIOM: 1 2195
PART HAME ' PAFAT NUMBER .
VENDOR HAME VENDGH NUMBER
LAy . DOCKING MECHANISM ASSEMBLY TV 6516.003-08
MPO=EMERGIA A3 6316.003-085
SAU . ASSEMBLY, DIFFERENTIAL 33).6321.004
NPOD-EMERGIA S = -UX = -
PART DATA
EXTENDED DESCAIPTION OF PART UNDER ANALYSIS:
DIFFERENTIAL ASSEMBELY
REFERENCE DESIGNATORS:
QUANTITY OF LIXE [TEMS: 1
ONE
FUNCTION:

THE DIFFERENTIAL ASSEMBLY IS THE PRIMARY COMPONENT IN THE KINEMATIC
CHAIN AND PERFORMS THE FOLLOWING FUNCTIONS: (1) ENBURES DEFENDENT
MOVEMENT OF EACH BALLMNUT PAIR; {21 LOCKS BALI NUT PAIRS T LIMIT THEIR
MCVEMENT RELATIVE TO EACH OTHER {FIXATORY; (3) EMARLES EXTENSION ANG
RETRACTION OF THE DOGKING RING EY THE EXTEND/RETRACT ACTUATOR: (4}
PROVIDES FORCED SUMMED INPUTS TD THE FRICTIONAL BRAKE; AND (5) PROVIDES
CENTERING OF RING IN PITUH AND YAW DIRECTIONS (SPRING MECHANISMS),
CONTANED IM THE DIFFERENTIAL ASSEMBLY ARE THE "RiNG INITIAL POSITION®
SENSOR AND “RING FORWARD POSITION® SENSOR. EACH IS DESCRIEED BELOW:

ammmmﬁﬁmu-mcsms DOCKING RING REACHES TS INITIAL .
POSTTION, ABOUT.33% MM FROM ITS FULLY RETRACTED POSITION, A SENSOR DRIVEN
FROM THE FINAL SUMITING GEAR STAGE OF THE DIFFERENTIAL ASSEMBLY SENCS
REDUNDANT SIGNALS TO THE DSCU. THESE SIGNALS ARE USED TO AUTOMATICALLY

- TURN OFF THE EXTENDVRETRAACT ACTUATOR AT THE POINT WHERE INGTIAL PRSITION

OF THE KNG |8 ACHIEVED AND IS USED TO ILLUMINATE THE *RING INITIAL POSITION®
INDICATON LIGHT ON THE DOCKING CONTROL FPANEL. RING INITIAL POSTION IS ALSD
DOAWHL INKED FOR GROUND CFIE"H MONITORING. :

{S08 - ASECDND SENSOR DRIVEN FROM THE FINAL
SLIMMING GEAH E'ThGE L‘IF THE DIFFERENTIAL ASSEMBLY SENSES WHEN THE
DOCKING RING IS FULLY EXTENDED ANG SENDS REDUNDANT SHENALS TQ THE DSCU
TG TURN OFF THE EXTEND/RETRACT ACTUATOR, CONTINUE AUTOMATIC DOCKING
SEQUENCE (RETRACT RING), AND TO ILLUMINATE THE "RING FORWARD POSITION'
INDICATOR LIGHT ON THE DOCKING CONTROL PANEL. RING FORWARD POSITION 1S
DOWNLINKED FOR GROUND MONITORING.
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FAILURE MODES EFFECTS ANALYEIS (FMEA) ~ CRITICAL HARCWARE
NUMBER: M2-1MR-BM010-X

SERVICE IN DETWERH FLIGHT AND MAINTENANCE CONTROL:

VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISM.

MAINTAINABILITY
AEPAIR METHODD - NONE (REPAIRING 1N MANUFACTURING CONDITIONS CNLY).

AEFERENCE DOCUMENTS: 23L.6324.004
F31).6316.00305
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FAILLURE MOCES EFFECTS ANALYSIS (FMEA] — Cil FAILVAG MODE
. HUMBER: ME-1MR-BMO1D- 02

- REVISIONS 1 Wiss
SJBSTYSTEM NAME: MECHAHNICAL - EDS
LRU: DOCKING MECHANISM ASSEMBLY CRIMCALITY OF THIS
ITEM NAME;: ASSEMELY, DIFFERENTIAL FAILURE MODE: 1R2

FAILURE MODE:
BRAOKEN

MISSION PHASE:
oo ON-OREBIT

VEHICLE/PAYLOADKIT EFFECTIVITY: 104 ATLANTIS

CALSE:
UNIVERSAL JOINT FAILURE, STAUSTURAL FAILVRE DUE TO MECHANICAL/THERMAL
EHOCK OF MANLFACTURE/MATERIAL DEFECT, BROKEN GEAR

CRITICALITY 171 DURING INTACT ABORT QNLY? NO
CRIMICALITY A2 DURING INTACT ABORT OHLY [AVIONICS ONLYT N/A

REDUNDANCY SCREEN A) PASS

B} PASS
€} PASS
PASS/FAIL RATIONALE:
A)
B)
=

METHOD OF FAULT DETECTION: . _
INSTRUMENTATION - THE CORRESPONDING DOCKING RING INDICATORS ON THE
DOCKING CONTROL PANEL WRLL ILLUMINATE TO INDICATE RING POSITION AND
ALIGNMENT. VISUAL OBSERVATION - INABILITY TO MOVE THE DUCKING RING;
POTENTIAL MOMENT CREATED BETWEEN VEHICLES.

» FAILURE EFFECTS -

{AY SUBSYSTEM: -

ELEMENTS OF THE KINEMATIC CHAIN ARE DISCONNECTED RESULTING N THE
INABILITY OF DOCKING MECHANISM TO SUSTAIN ALOAD, LOSS OF CAPABILITY TO
EXTEND OR RETRACT DOCKING ANG.

{B) INTEAFACING SUBSYSTEM(BY

POTENTIAL DAMAGE TO ORBITER STAUCTUAE IF DRETERMIA COLLICE DUE TO THIS
FAILURE AND WORKARCUND IS NOT IMPLEWENTED- .

@ _,___"5""[ Proprietary Data
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FAILURE MODES EFFECTS AMALYSIS (FMEA) — CIL FAILURE MODE
NUMBERN: ME-1MR-BLE010- 02

{C) MISSION:
LOSS OF CREITEAMIR DOCKING GAPABILITIES FOLLOWING BREAK N DIFFERENTIAL
CHAIN, THE INABILITY TO DOCK WILL RESULT IN LOSS OF CREITERMIR MISSION

OBJECTIVES,

{D) CREW, YEMICLE, AND ELEMENT(Sk
A BRAOKENW DIFFERENTIAL WiILL ALLOW THE DOCHKING RING TO COLLARSE DURING
CAPTIURE POTENTIALLY CAUSING A MOMENT BETWEEN ORBITEA AND MIR.

(E] FUNCTIONAL CRITICALITY EEFECTS:
N/A,

DESIGH CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, CESCRIBED 1M F): 141

{F) RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:

SECOND FAILLRE (INABILITY TO QFEN CAFTURE LATGHES OR PERFORM SEPARATION)
- INABILITY TO CIRCUNVENT THE MOMENT CREATED BETWEEN ORBITER AND MIR.
POTENTIAL COLLISION BETWEEN BOTH VEHICLES RESULTING N POSSIBLE LOBS OF
CREW AND VEHICLE.

~DISPUSTION RATIONALE-

-

(A} DESHIN;

A BROXEN IHFFEHENTIAL IS CONIIDERED YERY FIEM'DTE COMPONENTS QF THE

DIFFERENTIAL CHAIN ARE MADE OF STAINLESS BTEEL. SPRING MECHAMISMS ARE

USED TO REDLICE SPACING BETWEEN GEARS TO PREVENT TEETH BREAKAGE DURING

PERIODS OF HIGH LOADS. THE IFFERENTIAL |18 ENCLOSBED TO REDUCE THE

POTENTIAL FOR STAUCTURAL IMPACT DAMAGE. - .

(B} TEST:

1. INBPECTION SERVICEABILITY TEST - CURING THE GUICE RING FUNCTIONAL
PERFOAMANCE TEST THE DOCKING MECHANISM FING 1S EXTENDED TO TS
INITIAL POSITION AND THEN TS FORWARD POSITION AND THEN RETRACTED TO
ITE FIMAL POSITION. DIFFERENTIAL IS VERIFIED FOR PROPER DPERATIDN
DURING AING EXTENSION AND AETRACTION.

'.'IEFIOHEBIS'I'EHT TESY - APDS SUBJECTED TO THE FOLLOWING WMHEH
LEU'ELE FOR 2 PfJNLiITEE PER AXIS:

PREGUENGY {HZ) BFECTORAL DENSITY ACCELERATION :
(EAOM 20 TO 80 INGREASING, 308 OCTAVE TO 0.04G2/HZ
80 10 350 | PERMANENT 0.04 _
FROM 350 TO 0000 | DECHEASING 308 OCTAVE WITH 0.04GSHE

SURSEQUENT TO THIS TEST AN ENGINEERING INSPECTION iS5 PERFORAMED TO
IDENTIFY BROKEN QR LOOSE HARDWARE AND A FUNCTIONAL CHECK IS
PEAFOAMED, PER ATF #1 ABOVE, TO YERIFY PROPER OPERATION OF THE
DIFFERENTIAL.

3. DOCKING MECHANISM CHECKOUT (STATIC) TEST - RING |S EXTENDED AND
RETRACTED AS NECESSARY TO FULLY TEST ITS OPERATION CURING A SINGLE
OOCKING. FORCE IS APPLIED TO THE RING TO. SIMULATE LOADS THAT CAN

@ ghoe, Pmprfetary Data .
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. | FAILURE MODES EFFECTS AMALYSIS (FMEA) - CIL FAILURE MGDE
NUMBER: Ms-1MR-BMD10- 02

QCCUA DURING RING CAPTUAE AND MATING OF THE TWO MECHANISMS.
ATTENUATION SYSTEM CHARACTERISTICS |15 DETERMINED WHEM THE RING IS
CDEFLECTED AND BRQTATED DURING THIS TEST. A CHECK OF RING RETRACTION
FORCE AMD FORACE GENERATED AND KEFT BY THE DOCKING MECHANISM IS
PERFORMED. THIS TEST WILL VERIFY PROPER OPERATION OF THE
CIFFERENTIAL UNDER LOAD AND NO-LDAD COMDITIONS.

4. THERMD YACUUM TEST - DOCKING GF THE MECHANRISMW 1S THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TO -50-E5%C TO +307+55°C TO
+20°C IN A VAGUUM AT 107* TO 105 TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPEAATURE 15 A MINIMUM OF 50 MINUTES
AFTER STABILIZATION, QPERATIONS INCLUDES PERFORAMING SOCKING WHICH
1S ACCOMPLISHED AT A SPEED OF 0.15W/SEC BETWEEN THE SIMULATOR AND
MOVEABLE PLATHORM (CONTAINING THE DOCKING MECHANISM).  PROFER
OPERATION OF THE DIFFERENTIAL IS VERIFIED DURING AING
EXTENSIOWAETRACTION AND DOCKING FOR A TEMPEAATURE RANGE OF -50"
G-65°C TO S0°C/55°0,

5. CONMTROLLED DOCKING TESYT - CONTROLLED DOCKING [S PERFORMED
LNDER LOAD CONDITIONS. A PULL TEST GF ASSEMELIES WITH THE DOCKING
MECHANISM ASSEMBLY 15 PERFORMED DURING THIS TEST, THESE TESTS 'MLL
YERIFY PROPER OFERATION QF THE DIFFERENTIAL,

1. OPERATIONAL CAPABILITY TEST - DIFFEHE.H"I'“L MOVEMENT VERIFIED BY
RING EXTENSION AND AETRACTION FROM THE ENC POSITION TO THE INITIAL
POSITION THEN TU THE FORWARD POSITION AND FROM THE FORWARD
POSITION TO THE END BOSITION.

2 TAANSPOATABILITY STAENGTH TEST ~ SHIPPING LOADS ARE SIMULATED ON
A VIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISM WILL NOT BE
PAMAGED DURING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE
CONDITIONS CONTAINED IN THE FOLLOWING TABLE.

VIBERATION | VIBRATION | -~ FREGUENCY SUBBAND, HZ TOTAL TEST
ACCELER ACCELER &7 | *15 | 1530 [ 5S040 | ana80 DURATION
DIRECTION | AM TEST DURATION, MIN MR ‘MIN

|| ALONG X-AXI5 | 1 - 4 = - - - 4
12 76 _ 93 v 51 o .7 5 7

| ALONG Y- 1.1 - 4 - - - - 3
1.0 13 18 7 10 7 - 53

|| ALONG Z-AX15 1.1 - 4 = - - = 2
1.0 2 40 18 2 18 2 10

SUBSECQUENT TO THIS TEST AN INSPECTION IS PERFORMEL TO IDENTIFY
EROKEN OR LOOSE HARDWARE AND AN OPERATIONAL CAPABILITY TEST, AS
DEFINED IN QTP #1 ABOYE, IS PERFORMED TQ "n"EHIF‘l' PROPER DIFFERENTIAL
CPERATIDNS DURING RING MOVEMENT.

3. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM 15
THERMALLY CYCLED FROM +20°C TO «50/~55°C TO +5004:55°C TO +20°C IN A
VACUUM &T 10-% TO 10°5 TORR. DWELL AT EACH TEMPERATURE AND BETWEEN
OPERATIONS AT EACH TEMPERATURE IS A MINBALM OF 60 MINUTES AFTER
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| FAILURE MODEE EFFECTS ANALYSIS (FMEA) — ClL FAILURE MODE
HUNMBER: M3-1MR-BMO10- 02

STABILIZATION. FIVE CYCLES WERE FERFCRMED AGAINST THE GUIDE RING

| EXTEND AND FINAL POSITION MEGHANICAL STOPS FOR 10 SECONDS EACH.
DURING EACH DOCKING, AS SHOWN IN THE FOLLOWING TABLE, A BROKEN
DIFFERENTIAL WOLILT BE DETECTED.

DOCKING SHLLATOR PRESS
SEG RATE, ROTATIDNAL ANGLE | TEMP | VOLTAGE | INTEGRITY
NO. WS PITCH ROLL o VOLTS | cHECKOUT
1 0.30 g o 25 +/-10 2 YES
2 010 fo 4 28 +~-10 kT 3 NO
3 0.12 4° 4 25 +-10 ar NO
4 — — — +80+-5 —_ YES
] 0,10 40 o + 50w -5 27 YES
5t — aeen I {80-+-5) — YES
5 .10 4 o -{30+-8) 7 YES
& — — - +~B0+-5 — YES
B 0.12 o* 4 +B0+-5 23 YES
™ — — — -{50+/-5) — YES
7 0.0 o 4 {30 +-§) 23 YEG
= — — — +E0445 — YES
] D1z 4° 4 50 +-5 a4 YES
a — — —_ {50445} — TES
8 D12 4° 4 {30 +-5) a4 YES
10° — — — +E0+5 — YES
10 0.10 4e g +50+-5 Frd YES
11° e — — -{BD-+/-5) — YES
11 0.10 g 4 {30 +5) 27 YES
12 — — o 450445 — YES
12* 0.10 o 4 +50+47-5 27 YES
3 — — — ~{50+-5} — YES
13 0.12 g I3 {30 +-5) F1 YES
14* —_ — — #5045 —_— YES
14 0.12 g 4 +E04-5 27 YES
15" 0.12 s £ +25+710 23 YES

T "NIGEZ1-0067-2001, 4001, & -50861 ORLY

Fl .
AFTER COMPLETION AN INSPECTION LS PERFORMED TOQ IDENTIFY BROKEM OR
LDOSE HARDWARE AND AN DFERATIGNAIL CAFABILITY TEZT, AS DEFINED BN
QTP #1 ABQVE, |S PERFORMED TO VERIFY PROPER DIFFERENTIAL
FUNCTIONING DURING RING MOVEMENT AND DOCKING OPERATIONS,

4, VIBRATION STRENGTH TEST - ARDE BUBJECTED TO THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 BECOND DURATION

FAEGUENCY (HZ} SPECTORAL DENSITY ACCELERATION
[ FROM 20 TO) 50 INCREASING, 3DB OCTAVE TD 0.057GEMZ
FROM 20 TO 350 COMETANT 0.087GEH2
FROM 350 TO 2000 DECREASING 3DB OCTAVE WITH 0.067TGRHZ
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. | FAILURE MODES EFFECTS ANALYSIS (FMEA] - CIL FAILURE MODE
NUMBER: Ma-1MF-BM010: 02

SUBSEQUENT TO THIS TEST AM ENGINEERING INSPFEGTION 1S PERFORMED TO
IDENTIEY BROKEN DR LOOSE HARDWARE AND AN OPERATIONAL CAPABILITY
TEST, AS DEFINED IN QTP #1 ABOVE, IS5 PEAFQRMED TO VERIFY PROPER
DIFFEAENTIAL OPERATIONS DURING RING MOVEMENT.

5. SHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOGKING MEGHANISM
IS SUBJECTED TO 204G TERAMINAL SAWTOOTH SHOCK PLLSES IN EACH AXIS, 3
FPULSES IN EACH DIRECTION FOR A TOTAL OF ¢ PLULSER/AXIE. AFTEA
COMPLETION AN INSFECTION IS PERFORMED TO IDENTIFY BROKEN OF LOOSE
HARDWARE AND AN OPERATIONAL CAPABILITY TEST IS CONDUCTED, AS
DEFINED IN OTF #1 ABOVE, 7O VERIFY PROPER DIFFERENTIAL OPERATIONS
DURING RING MOYEMENT.

&. APDS SERVICEABILITY TEST !N A SIX-DEGREE-OF-FAEEDOM OYMNAMIC TEST -
THE SIX-DEGAEE-QF-FREEDOM DYNAMIC TEST VERIFIES APDS DOCKING AND
UNDOCKING CPERATIONS UNDEA CLOSE-TS-FULL-SCALE COMNDITIONS. STATIC
MOTION OF ENTITIES IS SIMULATED UNDER SPECIFIC INERTIAL AND
GEOMETRICAL FARAMETERS FOR VARICUS INITIAL CONDITIONS FOR

1 MIRYSHUTTLE DOCGKING. A TOTAL OF 20 DOCKINGS |15 PERFOAMED.
DIFFERENTIAL MOVEMENT YERIFIED BY EXTENSION OF DOCXING RING TO
INITIAL POSITION AND ABSORPTION OF ENERQY OF RELATIVE MOVEMENT
DURING EACH DOCKING WILL DETECT A BROKEN DIFFERENTIAL. SUBSEQUENT
TO THIS TEST AR ENGINEERING INSPECTION |13 PEAFOAMED TO IDENTIFY :
BAROKEN OR LOOSE HARDWARE AND AN CPERATIONAL CAPABILITY TEST, AS
DEFINED N QTP #1 ABOVE, IS PERFOAMED TD VERIFY PROPER DIFFERENTIAL
FUNCTIONING DURING RING MCVEMENT AND DOCKING OPERATIONS.

. ?. TARGET SERVICE LIFE TEST - TESTS ARE PEAFOAMED TO VERIFY PROPER
: DOCKING AND UNDOCKING OPERATIONS OVER ITS LIFE OF 100 DDCKINGS.

PROPER OFERATION OF THE DIFFERENTIAL VERIFIED DURING 100 DOCKING
AND UNMATING CYCLES (FOR MC621-0087-1001/-30G1 UNITS ONLY}. FOR MC621-
0D87-2001, ~4001, & -5001 UNITS PROPER DPERATION YERIFIED DUPING 388
GCYCLES (44 VACUUMALOAD CYCLES, 16 LOAD CYCLES, & 194 NO-LOAD CYCLES).
THESE TESTS INCLUDE RAING EXTENSION AND RETRACTION. SUBSEQUENT TO
THIS TEST AN ENGINEERING INSPECTION 18 PERFORMED TO IDENTIFY BROKEN
O LOOSE HARDWARE AND AN OPERATICNAL CAPABILITY TEST, AS DEFINED IN
GTP #1 ABQVE, I3 PERFORMED TO YERFY PROPER DIFFERENTIAL '
FUNCTIONING DURING RING MOVEMENT AND DOCKING GPERATIONS.

B. BACKUP UNGOCKING MEANS CHECK - PROPER OPERATIONGF THE
DIFFERENTIAL IS VERIFIED DURING COUPLING OF THE APDA ASSEMBLY WITH
THE SIMULATOR.

9. CONTROL DRSASSEMELY - UPON COMPLETION OF ALL GUAL TESTING THE
DOCKING MECHANISM IS DISMANTLED AND ALL DIFFERENTIAL OPERATING
SURFACES ARE CHECKED FOR EVIDENCE OF WEAR OR FALURE.

OMRSD - TURNAROUND GHECKOUT TESTING |5 ACCOMPLISHED IN ACCORDANCE WITH
GMRS0.

{C) INSPECTION:
RECEIVING INSPECTION

COMPONENTS ARE SUBJEGTED TO A 100% RECEIVING INSPECTION PRIQR TO
INSTALLATION,
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FAILURE MODES EFFECTS ANALYSIS {FMEA} — CIL FAILURE MODE
HUMBER: MEAMR-EM010- 02 .

CONTAMINATION CONTROL
CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
JINSPECTION. CHEGK OF ROOM CLEANLINESS: PARTS WASHING AND OTHER
OFERATICNS OF THE TECHNDLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRITICAL PROCESSES
ANCDIZING, HEAT TREATING, AND CHEMICAL PLATING VERIFIED BY I:MSPEC“DH

ASSEMBLYANSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHNICAL REQUIREMENTS
OF THE DRAWINGS ARE VERIFIED BY INSPECTION.

TESTING :
ATP/QTR/OMRSD TESTING VERIFIED BY INSPECTION.

HAMDLINGIPACKAGING
HANDLING/FACKAGING PRCCEDURES AND F'.EQLHREMEHT FOR EH!PMEHT VERIFIED BY

INSPECTION,

(I FAILURE HISTORY:
CATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXFERIENCED DURING GROUND FHDGES-‘EIHG OF ODS DOCKING MECH#HISME CAM BE

FOUND IN PRACA DATA BABE.

(E) OPERATIONAL USE:

CREW COLLD OPEN CAFTURE LATCHES AMD FIRE APPRGPRIATE ORBITER RCS JETS TO ;
- PERFORM SEPARATION IN THE EVENT A BROKEN DIFFERENTIAL RESULTS IN A MOMENT .
BETWEEN ORBITER AND MIR.

~ APPROVALS -
DESIGN ENGINEER : ;M. MIKOLAYEVA
DESIGN MANAGER. ;A SDUBCHEVY
NASA S5/MA :
- NASA SUBSYSTEM MAEEH

!
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